Developing new tolerant varieties for water shortage condition is the best way to overcome water limitation problem. Using the selection of the best rice lines under stress condition could be useful strategy during breeding for tolerant genotypes. The present study aimed evaluate new promising lines along with their parental varieties Sakha 105 and IRAT 170 to identify superior lines under water shortage conditions. Field experiments were conducted at Rice Research and Training Center, Sakha, Kafr Elsheikh, Egypt during 2015 and 2016 rice growing seasons. This study was established in order to identify adapted and promising lines under both normal and water shortage conditions. The obtained results revealed that all promising lines showed good performance under both normal and stress conditions, the promising lines PL3, PL4 and PL6 showed the highest yield potential under normal conditions, with values 1246.7, 1071.7 and 990g/m 2 respectively, which were higher than the high-yielding parental variety Sakha 105. While the promising lines PL5, PL6 and PL10 showed the highest yield under water shortage conditions with values (738.3, 709 and 736.7 g/m 2 ) higher than the tolerant parental variety IRAT 170. The promising lines PL2, PL5 and PL10 showed the lowest yield reduction caused by water stress according to drought susceptibility index (DSI) values (0.232, 0.255 and 0.181). These promising lines will be further evaluated for grain quality on multi-locations yield trials and could be used as a donor to improve cultivars ability for tolerance of water shortage condition. Significant amounts of genetic variations were observed for all studied traits. The phenotypic coefficient of variation (PCV) was greater than the genotypic coefficient of variation (GCV) in all studied traits. High broad sense heritability and genetic advance as percent of mean was observed for most studied traits indicating the importance of genetic variance for the studied traits. The SSR markers RM259, RM241, RM263 and RM201 showed a polymorphic pattern among the susceptible and tolerant genotypes with different alleles which detected at molecular weight ranged between 80bp to 190 bp. These markers could be used for the screening in further studies. The molecular analysis confirmed the existence of significant amounts of genetic variations, and hence the usefulness of studied materials for improving water deficit tolerance breeding program.
INTRODUCTION
Rice is considered as drought susceptible crop, especially at the reproductive stage (Agarwal et al., 2016) due to the semi aquatic nature of rice growth conditions. Recent drought conditions caused by global climate change seriously threatened commercial rice production in irrigated as well as rain-fed conditions (Naylor et al., 2007) . Thus, the development of drought-tolerant varieties is an important global strategy to maintain sustainable rice production. Modern rice varieties are sensitive to drought stress at seedling, vegetative, and reproductive stages and even mild drought stress can result in a significant yield reduction (O'Toole 1982; Torres and Henry 2016) . At seedling stage, drought affects crop establishment and seedling survival rates. At vegetative stage, it reduces leaf formation and tillering, which subsequently reduces panicle`s development, thus causing a yield loss. Furthermore, at reproductive stage, drought causes a reduction in the number of grains per panicle, increases spikelet sterility, and reduces grain weight (Pantuwan et al., 2002) . Water resources in Egypt are limit and not sufficient to cover all live activities including agricultural irrigation, particularly with high population growth rate. Some rice cultivated areas, especially at canal`s terminal suffer from shortage of irrigation water during different growth stages, which are considered to be one of the most serious constraints to rice production in Egypt (Abd Allah et al., 2010a) . Drought research at the International Rice Research Institute (IRRI) over the past decade has concentrated on direct selection for grain yield under drought conditions. This approach has led to the successful development and release of 17 high-yielding droughttolerant rice varieties in South and Southeast Asia, and Africa (Kumar et al., 2014) . Climate change is predicted to increase the frequency and severity of water scarcity, causing serious constraints to rice production worldwide (Wassmann et al., 2009) . Understanding the genetic basis of drought tolerance in rice is fundamental to enable breeders and molecular biologists to develop new varieties with more drought tolerance characters (Nguyen and Buu, 2008) . Molecular dissecting of water deficit tolerance and identification of linked markers enhanced selection efficiency for this complex trait. Among the ideal marker systems used, microsatellites, also known as simple sequence repeats (SSRs) and single nucleotide polymorphisms (SNPs). They are more amenable to high throughput methods with higher abilities for polymorphism detection, among even closely related individuals. Rice genome sequence has been found to contain sum of 40,000 SSRs (Goff et al., 2002) . The objective of the current study was to evaluate a set of eleven promising lines resulted from selection of a cross between drought sensitive, high yielding local variety Sakha 105 and drought tolerant check IRAT 170, under both normal and water deficit conditions as well as molecular confirmation of the existence of previously reported linked SSR markers.
MATERIALS AND METHODS

Plant Materials and Designation:
The present study was carried out at the Experimental Farm of Sakha Agricultural Research Station, Sakha, Kafr El-Sheikh, Egypt. Eleven promising lines derived under water stress condition from two different parents, Sakha 105 Egyptian japonica cultivar characterized as high yield, semi-dwarf, early and susceptible to water shortage stress used as a female parent, IRAT 170 from Ivory Coast, indica type and drought tolerant variety used as male and donor parent.
During 2015 and 2016 growing seasons all genotypes (two parental varieties and eleven selected promising lines) were evaluated under normal and stress conditions in separated experiments using randomized complete block design (RCBD) in three replicates. The first experiment was normally irrigated with continuous flooding while, the second experiment was carried out in aerobic conditions, dry seeds were sown in dry soil, and irrigated every 12 days without any standing water (flush irrigation) as stress treatment. Each genotype of parents and promising lines were planted in five rows per replicate. The row was five meters long with 20 × 20 cm spacing. All the recommended agronomic and plant protection practices were uniformly followed according to RRTC recommendations throughout the crop growth period for raising ideal crop stand.
Data collection
Data were recorded on the average of each plot (5m 2 ) per replicate. The studied traits were; days to heading (day), plant height (cm), number of tillers/plant, number of panicles/plant, panicle length (cm), panicle weight (g) Spikelet fertility (%), root thickness (mm), number of metaxylem vessels and grain yield/plant (g). Root traits were measured by the microscope with micrometer slide after fixing and staining for root cross sections according to the procedure of Terashima et al., (1987) . Drought susceptibility index (DSI) for each genotype were calculated according to the formula given by Ali-Dib et al., (1990) . DSI = (XN -XS)/XN Where: XN is the observation under normal condition and XS is the observation under stress condition.
Data Analysis:
The analysis of variance for each experiment (normal and stress conditions) was done according to Steel and Torrie (1980) . The genetic parameters were computed according to formula suggested by Burton (1952) and Hanson et al., (1956) . The cluster analysis tree construction was expressed by using the Paleontological Statistics (PAST) software package using the mean performance of the studied genotypes (Hammer et al., 2001) .
SSR Markers analysis
The fresh leaves of the 13 rice genotypes were sampled for DNA extraction according to modified CTAB (Cetyl Try Methyl Ammonium Bromide) method (Rogers and Bendich, 1988) . A total of 31 SSR markers associated with drought tolerance from previous studies were used in the polymorphism survey. PCR was performed as follow: The 10-µL PCR reaction mixture contained 1 x buffer, 0.2 µM of each primer, 50 µM of DNTPs, 0.5 unit of Taq polymerase (Tiangen Company, Beijing, China), and 10 ng of genomic DNA as a template. The thermal cycler was programmed for a first denaturation step of 4 min at 94°C, followed by 30 cycles, each of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s and final extension step of 5 min at 72°C. The PCR products were separated on 8.0% nondenaturing polyacrylamide gel and detected using the silver staining method. Generated DNA bands were analyzed and scored 1 for the presence-or 0 for the absence of allele. Four SSR markers (RM 259, RM263, RM241 and RM201) were highly polymorphic among the studied genotypes which used for genotyping of tested genotypes (Elgamal 2013 , Lang et al., 2013 and Aziza Aboulila 2015 and these markers located on chromosomes 1, 2, 4 and 9, respectively.
RESULTS AND DISCUSSION
Analysis of variance
The mean square estimates for genotypes were significant and highly significant for all studied traits under both normal and stress conditions indicating the existence of genotypic variances among all studied genotypes (Table  1) . On the other hand, there were no significant mean squares due to years for all studied traits under normal condition while, were significant just for number of tillers/plant and number of panicles/plant under stress condition. The interaction mean squares between years and genotypes were no significant for all studied traits except for plant height under stress condition. A little effect of years under Egyptian conditions due to stability conditions within years and lines stability after F 6 generation. Abdelmaksoud et al., 2013; Elgamal 2013 and Elgamal et al. 2015 reported that the effect of years was not highly significant on rice growing under Egypt conditions. These results agreed with previous studies by Abdallah et al. 2010a , Elgamal 2013 and Elgamal et al. 2018 in their studies on genetic diversity of some rice cultivars. 
Mean Performance
To evaluate the studied genotypes (eleven promising lines and their parents), we determined the performance of these genotypes under normal and stress conditions replicated in two years by ten traits measurements. Under normal condition the parent Sakha 105 was superior and better than IRAT 170 for most studied yield and yield components traits during the two evaluation seasons, which recorded the highest values of number of panicles, spikelets fertility and grain yield in addition to the lowest values of heading dates and plant height which preferred to lodging resistance and supporting the harvest index. On the other hand, the parent IRAT 170 showed the performance better than Sakha 105 under stress condition during two years for all studied traits Except for Number of tillers and number of panicles per plant.
Tables from 2 to 6 present the mean performances of the studied genotypes for ten studied traits under normal and water shortage conditions during 2015 and 2016 growing seasons. Regarding plant height, the promising lines PL9, PL4 and PL7 were the shortest among all studied promising lines under both normal and stress conditions during two years with values ranged from 91.00 cm under stress condition, season 2016 to 108.33 cm under normal condition, season 2015 (Table 2) . Also, the lowest values of heading dates were recorded for promising lines PL4, PL8 and PL11, as their values ranged between 78.00 days under stress conditions and 92.33 days under normal conditions at 2015 season (Table2). The water shortage stress affected plant height and heading date due to lake metabolisms and following drought escape mechanism. Abdallah et al., 2010b; Elgamal 2013; Elgamal et al.,2015; Kumar et al. 2016 and Elgamal et al. 2018 . In the same trend, water shortage affecting on number of tillers and panicles when occurred during vegetative stage as reported by Elgamal 2013 , Hadifa 2012 and Kumar et al., 2016 . The highest numbers of tillers and panicles per plant observed on promising lines PL6, PL2 and PL3 under both normal and drought conditions during 2015and 2016 seasons and the recorded values ranged from 16.33 to 22.67 for number of tillers/plant under normal condition and from 11.33 to 13.67 under stress conditions. For number of panicles/ plant, the values ranged between 18.67 and 15.00 under normal conditions and ranged from 11.00 to 13.00 under water shortage conditions (Table 3) .
The promising lines PL1, PL3 and PL5 exhibited large panicles among the studied lines under normal and stress conditions during the two evaluation seasons, with values ranged from 21.27 to 24.77 cm. While the promising Lines PL1, PL5 and PL10 were the heaviest panicles among studied genotypes under both growing seasons and treatments which scored the highest values of panicle weight. The highest values ranged from 4.89 to 5.60 g at normal and ranged from 3.66 to 4.90 under stress (Table 4) .
Spikelets fertility were affected by water shortage stress especially at heading stage, fertility percentage for all studied genotypes during two growing seasons under stress conditions were lower than under normal condition. The highest values of Spikelets fertility were recorded at the promising lines PL3, PL5 and PL8 and ranged from 86.72 under stress to 97.64 under normal conditions % (Table 5) . Fertility percentage affected on grain yield by positive effect and sterility determine the grain yield (Pantuwan et al., 2002 and Kumar et al., 2014) Grain yield considers the main target for all breeders and farmers even under normal or stress conditions, in totally it is due to many components like as some morphological and physiological traits but finally, the direct measurements of mass grain weight per unit is the easiest way to have the optimum results. The results were presented in table 5 show that all studied lines gave grain yield higher than their parents under both normal and stress conditions during 2015and 2016 rice crop season. Among new lines, the promising lines PL3, PL4 and PL6 gave the highest amount of grain yield /m 2 under normal conditions with values 1246.7, 1071.7 and 1055 g, respectively. Other two different promising lines PL5, PL10 along PL6 gave the highest yield under stress conditions during the two years with values ranging from 696.7 to 738.3 g (Table5). In general, water shortage stress causing grain yield reduction when occurs at any growth stages as Hsiao 1973; Pantuwan et al., 2002; Abdallah et al., 2010a and Elgamal et al., 2018 reported and emphasized by the present results. Studying the root characters are very important for scientists whose works in breeding and developing new tolerant genotypes for water shortage conditions, some of these traits like as root depth, root volume, root thickness and metaxylem vessels consider as indicators for the tolerance (Elgamal 2013; Abd Allah et al., 2010b; Wu and Cheng 2014 and Elgamal et al., 2018) . In the present investigation, two of these traits (root thickness and metaxylem vessels numbers) were used to evaluate the genotypes for drought tolerance under normal and stress condition during 2015 and 2016 growing seasons ( Figure  1) . The lines PL5, PL7 and PL10 scored the highest values of root thickness and metaxylem vessels numbers under both normal and stress conditions during two years, the scored values were higher than both parents and ranged from 1.68 to 2 mm for root thickness and ranged from 6.67 to 9 for metaxylem vessels number (Table 6 ). 
Estimation of genetic parameters for the studied traits in parental genotypes and its promising lines under normal and water shortage conditions
Estimation of genetic parameters is very important for successful breeding programs depend on the amount of genetic variability among genotypes, which selected further manipulation to achieve the breeding target. A survey of genetic variability with the help of suitable parameters such as genotypic (σ 2 g) and phenotypic (σ 2 p) variance, genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (h2b.s) in broad sense and genetic advance (GA) is necessary to start an efficient breeding program. Different values of estimated parameters were observed between the parental genotypes and their progenies (Table 8 ). The genotypic (σ 2 g) and phenotypic (σ 2 p) variance, genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (h2b.s) in broad sense and genetic advance (GA) of parental genotypes and its 11 derived lines were estimated for each normal and stress conditions based on the collected data during two seasons. Generally, phenotypic variance was higher than the genotypic variance in all the studied traits under both normal and stress conditions and this indicated the influences of environmental factor on these studied traits. Similar results were reported by Anis et al., 2017 and Ghidan et al., 2018 . High genotypic and phenotypic variances were observed in grain yield followed by plant height. The highest estimated value of genotypic (GCV) and phenotypic coefficients of variation (PCV) were recorded for No. of panicle (22.19 and 27.00) and No. of tillers (21.39 and 26.34) under the normal conditions. Furthermore, high estimates of heritability in broad sense (h2b.s) were exhibited for plant height, heading date, fertility percentage (F%), grain yield and root studied traits with values ranged from 77.54% for F% under stress condition to 97.88% for grain yield under normal condition. These findings indicated that most of studied traits are mainly controlled by genetic factors. From low to moderate values of broad sense heritability were observed of tillers and panicles traits with estimated values ranged from 29.46 % for No. of panicles under stress conditions to 49.23% for panicle length under normal conditions. In addition, the results revealed that the genetic advance% was high for number of panicles (37.57) followed by number of tillers (35.80) and grain yield (28.56), while, the lowest value was detected for F% (3.32) under normal condition. The genetic advance is an efficient evidence of the progress that is predicted as a result of the related choice population. Heritability in conjunction with genetic advance would give a more reliable index of better selection. High heritability compared with high genetic advance were recorded for most studied traits, suggesting the effectiveness of selection in early generation to improve the yield potential under stress conditions. These results agreed with early reports by Elgamal 2013 and ElHity et al., 2015. Table7. Drought susceptibility index for all studied traits based on the two years mean results.
Genotypes
Plant height 
Correlation coefficient
The results in Table 9 showed the estimates of correlation coefficients among all studied traits, the data setup as the mean of two years under each experiment; Stress conditions (above) and normal conditions (bellow). The results revealed that, highly significant positive correlation between number of panicles/plant and number of tillers /plant under both experiments conditions. Highly significant positive correlations were recorded also between root thickness and each of plant height, grain yield and number of metaxylem vessels in addition to between grain yield and number of metaxylem vessels under drought condition only. Some cases of significant positive correlation were detected under stress conditions, between root traits and plant height, panicle weight and number of panicles/plant. Under normal condition experiment, there were significant positive correlations between plant height and each of panicle length, panicle weight and between heading date and panicle length, and between number of metaxylem root vessels and panicle weight and root thickness. From the above-mentioned results, it could be concluded that, root traits are very important to improve the yield potential under stress condition and could be used as indicator at early stage. These results are in agreement with Philippe et al., 2010 , Abdulmajid 2011 . 
SSR analysis
The objective of this part of investigation to differentiate the eleven new promising lines for water shortage tolerance comparing with their parents using SSR markers related to drought tolerance. Out of 31 SSR markers used in this study, four markers showed highly polymorphic patterns among parental genotypes. The banding patterns for the amplified DNA fragments for these markers are shown in Figures 2, 3, 4 and 5. Based on the main band, two different molecular weight (MW) of fragments were differentiated by each marker for the two parental genotypes. The studied promising lines always divided in two groups following the same molecular weight of both parents. Regarding to RM259 which amplified two alleles, the allele at 180 bp to detect the tolerant parent (IRAT170) followed by all new promising lines except PL9 which followed the susceptible parent (Sakha 105) at 120 bp molecular weight (Figure 2) . The RM241 marker divided the studied genotypes into two levels of fragments, the highest level for susceptible parent along four promising lines (PL2, PL3, PL9 and PL10) at 190 bp, while the lowest level of band for the tolerant parent and the other seven lines at the same level at 180bp (Figure 3) . Regarding to the marker RM 263, there were two promising lines (PL7 and pL9) had the same banding pattern with the susceptible parent at 90 bp molecular weight while the other lines followed the tolerant parent at 80 bp (Figure 4) . Regarding to the marker RM 201, all studied promising lines had the same banding pattern with the tolerant parent at 120 bp molecular weight except two lines (PL6 and PL7) patterned with the susceptible parent at 110 bp ( Figure 5 ). To conclude the SSR analysis result, four markers related to drought tolerance showed high polymorphic pattern among the parental genotypes. Based the selected SSR markers, four promising lines showed the tolerant pattern with all polymorphic markers, while the other lines gave the tolerant pattern with some markers. It confirmed the morphological results which no superior lines for all studied traits. Due to complexity of drought tolerance, which controlled by a lot of genes there were some lines showed the tolerance with some markers and showed the opposite with others. The reason was the random distribution of drought tolerance genes into all promising lines during selections by observations under stress conditions.
Cluster analysis
To determine the strong degree of the relation of the genotypes and present in a simple way, we use the cluster analysis depending on the data out of all studied morphological traits during two years under normal, water shortage conditions and molecular analysis (Figures 6, 7 and 8) . The cluster analysis based on normal condition data showed that the phylogenetic divided the 13 studied genotypes into two main groups; the first group just including the promising line PL3, while the second group including 12 genotypes. The second group divided into nearly three sub-groups; one of them including five lines along the tolerant parent IRAT170 and second sub-group including three lines along the susceptible parent Sakha 105, while the third sub-group including two lines PL4 and PL6, in addition to, some sub-groups belong to each main group. Regarding the data obtained from stress condition experiment, the cluster analysis showed different phylogenetic, present the genotypes into two main groups, the first group just including the susceptible parent Sakha 105 with long distance from the second group which including the tolerant parent and all new lines. The large group was divided in to sub-groups but the majority of the new lines were close to tolerant parent IRAT 170 
Figure7. Cluster analysis under stress
Based on the data out of all SSR polymorphic markers (Figure 8 ), the cluster analysis showed that, the phylogenetic divided the studied genotypes into two main groups, in addition to some sub-groups belong to the second main group. The first group just including the susceptible parental genotype Sakha105 and the second group included the tolerant parental genotype along all promising lines in different subgroups. The promising lines PL1, PL4, PL5, PL8 and PL11 were too close to IRAT 170 in one sub-group with zero genetic distance. There are similar results obtained from cluster analysis based on molecular analysis and morphological data under stress conditions, which supports the importance of the selected primer for genetic differentiation in case of drought tolerance. 
